Introduction
Hepatocellular carcinoma (HCC) is a major health problem worldwide. It is the fifth most common neoplasm in the world and the third most common cause of cancerrelated death. 1 More than 500,000 new cases are currently diagnosed yearly, with an age-adjusted worldwide incidence of 5.5-14.9 per 100,000 population.
Unfortunately, most HCC patients are diagnosed at an advanced stage and are not candidates for curative therapy. Until recently, there was no standard palliative therapy for patients with advanced or unresectable HCC. In 2007, the results of the SHARP trial 2 were reported, and this led to the approval of sorafenib (Nexavar, Bayer-Onyx) as the first and only therapeutic agent definitively proven to prolong survival in patients with advanced HCC. Despite having a very low response rate of 2%, sorafenib improved overall survival (OS) and time to radiological progression by 3 months compared to placebo. More recently, regorafenib was shown in a phase III trial to be superior to placebo in sorafenib failure patients. 3 The OS for regorafenib was 10.6 months compared to 7.8 months for placebo. Time to tumor progression was 3.2 months for regorafenib and 1.5 months for placebo. Disease control rate and response rate was
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Feun et al 65.2% and 10.6% for regorafenib and 36.1% and 4.1% for placebo, respectively. These results show that regorafenib had modest clinical benefit as OS and time to progression (TTP) were still <3 months over that of placebo.
Most patients with HCC have coexistent cirrhosis with portal hypertension which can predispose to therapy-related leukopenia and thrombocytopenia. Therefore, the ideal anticancer drug for advanced HCC would not require hepatic metabolism, and would have minimal or no bone marrow suppression. The somatostatin analog octreotide is an agent which fulfills these requirements. Octreotide is effective in the treatment of neuroendocrine tumors, principally by reducing symptomatic hormonal secretion, but also by a direct antineoplastic effect. 4, 5 These results led to a wider application of octreotide in the treatment of other solid malignancies, including in advanced HCC. 6, 7 The molecular mechanisms involved in the antineoplastic activity of somatostatin relate to direct and indirect growth inhibitory effects mediated by specific somatostatin receptors (SSTRs) expressed on target tissues. 4, 8 Verhoef et al 9 recently reported a detection rate of 67% for the SSTR-2 in human HCC tissues. Activation of SSTRs directly inhibits cell proliferation and induced cell death by apoptosis. 4 Indirect antineoplastic effects include reduced or inhibited secretion of growth-promoting hormones and growth factors, and the inhibition of angiogenesis. 4, 8 Approximately 40% of advanced HCC express SSTRs, 10 and in vitro data suggest a direct antitumor effect of octreotide in advanced HCC. 11 Taking these data together with the superior safety profile of octreotide and its favorable results in reducing portal hypertension, 12 there exists a good rationale for the evaluation of somatostatin analogs like octreotide in advanced HCC.
Like natural somatostatin and other somatostatin analogs, pasireotide exerts its pharmacological activity via binding to SSTR's. There are five known SSTRs: SSTR-1, 2, 3, 4, and 5. SSTRs are expressed in different tissues under normal physiological conditions. Somatostatin analogs activate these receptors with different potencies, 13 and this activation results in a reduced cellular activity and inhibition of hormone secretion. The somatostatin analogs currently approved for use in the clinic (octreotide and lanreotide) have a high affinity to the SSTR-2, with moderate or no affinity to the remaining subtypes. Pasireotide is a novel cyclohexapeptide somatostatin analog that exhibits a unique binding profile, binding with high affinity to 4 of the 5 known human SSTRs. Compared to Sandostatin ® (octreotide acetate), pasireotide exhibits a binding affinity, which is 30-40 times higher for human SSTR-1 and SSTR-5, 5 times higher for human SSTR-3, and 2.5 times lower for human SSTR-2. There are also in vivo data using a HCC xenograft model showing efficacy of pasireotide. 14 Thus, there is a strong rationale to evaluate pasireotide in a phase II trial in advanced HCC. We report here the first in-human clinical phase II trial of single-agent pasireotide in this disease. In addition to the therapeutic trial, correlative laboratory study was performed with insulin growth factor (IGF) blood measurements before and during treatment.
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Patients and methods
The study was approved by University of Miami institutional review board and registered with clinicaltrials.gov (NCT01639352). All patients signed written informed consent for this study.
This was a phase II trial for patients who had been diagnosed with advanced unresectable or metastatic HCC.
Eligibility criteria included patients 18 years of age or older with a diagnosis of HCC (either biopsy proven or with radiographic evidence consistent with HCC and elevated serum alpha fetoprotein >400 ng/mL or findings on magnetic resonance imaging or computed tomography scans characteristic of a primary liver tumor and cirrhosis). All patients had to have been off prior therapy for at least 4 weeks and had actively progressing disease.
Other criteria include Karnofsky performance status of 80 or Eastern Cooperative Oncology Group performance status of 0 or 1, life expectancy ≥12 weeks, adequate bone marrow function as shown by: absolute neutrophil count ≥1.2×10 9 /L, platelets ≥50×10 9 /L, adequate liver function defined as serum bilirubin <1.5 × ULN and serum transaminases activity ≤3 × ULN, serum prothrombin time ≤16 seconds, serum creatinine ≤1.5 × ULN, fasting serum cholesterol ≤300 mg/dL OR ≤7.5 mmol/L and fasting triglycerides ≤2.5 × ULN, Child-Pugh A and early Child's B (no more than 7 points). Patients were excluded if they had received prior octreotide therapy or any somatostatin analog. Other exclusions included the following: presence of uncontrolled diabetes mellitus (defined as HbA1c >7% or =8% despite therapy, or fasting plasma glucose >1.5 ULN, symptomatic cholelithiasis, baseline QTcF >470 ms. QTcF is Fridericia's correction formula takes into account the physiologic shortening of the QT interval which occurs as the heart rate increases, permitting comparison of the QT interval across a range of rates. It is mathematically defined as QTcF = QT/CubeRoot RR (seconds).
Each patient enrolled in the study received long-acting pasireotide administered intramuscularly (IM) intragluteally. The starting dose for all patients was 60 mg IM every 28 days. There was no dose escalation beyond 60 mg every 28 days. 
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Phase II pasireotide in hepatocellular carcinoma Electrocardiography (EKG) monitoring included baseline before 1st dose, 21 days after 1st dose, 21 days after 3rd dose, and prior to injection on cycle 6. Subsequently, EKG was performed every 3 cycles after cycle 6 (prior to drug injection). Magnetic resonance imaging or computed tomography scans of the abdomen were done at start of treatment and then every 8 weeks. Treatment response was determined by RECIST 1.1 criteria. For correlative study, serum for biomarker IGF-1 was performed at baseline, day 29, and day 57 and assayed with an enzyme-linked immunosorbent assay using the kit from R&D (Minneapolis, MN, USA). All sample analyses were done in duplicate.
For statistical analysis, Kaplan-Meier estimate was performed for time to tumor progression and OS.
Results
Twenty-six patients were enrolled for the study. Twenty of these patients were considered eligible and were treated (6 patients failed screening, mainly due to elevated liver function tests). The first patient was enrolled in July 2012. In terms of patient characteristics, the median age was 65 (range 52-81), with most patients being of male sex, and hepatitis C infection was the most common etiology. The baseline characteristics are shown in Table 1 . The majority (14 patients) had prior sorafenib and 6 patients refused sorafenib (6 patients). Only 2 patients had no prior therapy, while 16 patients had multiple prior therapies, including transarterial chemoembolization in 14 patients and Yttrium 90 in 2 patients. The median Karnofsky performance status was 90 (range 100-90), and Eastern Cooperative Oncology Group performance status median was 1 (range 0-1). Fifteen patients (75%) had Barcelona Clinic Liver Cancer stage C stage C, 5 had Barcelona Clinic Liver Cancer stage C stage B, and 11 patients (55%) had metastatic disease.
In terms of safety, the main toxicity noted was hyperglycemia, particularly in patients with history of diabetes mellitus (Table 2) 
, which returned to grade 1 within 3 weeks. CT scan showed progressive liver cancer, and so the patient was taken off study. Three patients had fatigue, one patient had gastrointestinal bleeding (considered to be unrelated to study drug), and one patient had diarrhea (grade 1). No prolonged QTcF in the EKG was noted in any patient requiring drug delay or withdrawal.
In terms of antitumor response and efficacy, no patient had a complete or partial response. Nine (45%) of the 20 patients Figure 1 ). The median OS was 9 months (95% confidence interval for median OS = [4, NA], Figure 2 ). Seven patients were alive (3+, 17+, 20+, 23+, 24+, 30+, and 54+ months) at the discontinuation of the study. For the correlative laboratory study, serum IGF-1 was measured in patients before and after pasireotide. Baseline levels varied from 15 to 129 ng/mL (average 48.763 ng/mL). Decreasing serum IGF-1 after pasireotide treatment by 2.5-16 fold occurred in all patients who had minor response/ stable disease (Figure 3) . In one patient with progressive disease, no change in IGF levels was detected. However, levels start to rise with disease progression. While the number of patients are limited, patients who had baseline IGF-1 levels <20 ng/mL had a shorter median TTP of 1.5 months, while patients who had IGF-1 levels >20 ng/mL had a median TTP of 5 months. TTP was compared between the two group using the log-rank test with the p-value of 0.0075 which is significant. Overall, our data suggest that low baseline IGF-1 level is indicative when pasireotide treatment may be ineffective, and decreasing IGF-1 levels after treatment may be indicative of disease control.
Discussion
Currently, there is no approved drug in the US for second therapy after sorafenib failure or progression. More recently, regorafenib has shown superiority over placebo in both time to tumor progression and OS. 3 Toxicity from regorafenib included grade 3-4 hypertension 15%, hand-foot skin reaction 13%, fatigue 9%, and diarrhea 3%. Serious adverse events occurred in 44% of regorafenib patients. Also, 25% of patients in the regorafenib group discontinued treatment due to adverse events. The most common adverse events which resulted in discontinuation of regorafenib over placebo were increase in alanine transaminase, hand-foot skin reaction, and increase in alanine transaminase. Thus, while regorafenib is the first drug in randomized trials to show benefit over 
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Phase II pasireotide in hepatocellular carcinoma placebo in second-line therapy for HCC, a quarter of the patients had to discontinue therapy due to adverse events. Other drugs in randomized phase III trials have not demonstrated statistical benefit over placebo. [16] [17] [18] Somatostatin analogs including pasireotide may have a role due to low toxicity and possible antitumor effect. Previous studies have suggested some benefit for HCC patients. There are now numerous reports in the literature exploring the activity of somatostatin analogs in advanced HCC. There are at least three reported cases of prolonged complete remissions of HCC with octreotide therapy. [19] [20] [21] Unfortunately, prospective trials assessing the efficacy of somatostatin analogs in HCC have been conflicting. In some studies, octreotide was found to significantly improve OS of patients with unresectable HCC, [22] [23] [24] [25] including three randomized controlled trials, while these results were not confirmed by other studies, [26] [27] [28] [29] including three randomized controlled trials. A recent metaanalysis concluded that there was no net OS benefit in HCC patients treated with octreotide. 30 Despite the inconsistent results seen with trials of octreotide, there remains a subset of HCC patients who derive benefit from somatostatin analogs. The heterogeneity of the data suggests that patient selection is the key to maximizing the therapeutic potential of this class of drugs.
A candidate biomarker which may predict for benefit is SSTR expression, which can be noninvasively assessed by radiolabeled octreotide scintigraphy. Interestingly, only one of the randomized trials discussed above selected patients a priori for positive SSTR expression by means of 111 Indium octreotide scintigraphy. 24 In this study, 127 patients were enrolled, and 66 (52%) had negative octreoscans. Among the 61 patients with positive octreoscans, 31 were randomized to octreotide and 30 to placebo. The OS was significantly better in SSTR-positive patients treated with octreotide vs placebo (49 vs 28 weeks, p<0.001 and compared to 28 weeks for the SSTR negative group). Another study by the same authors had shown a significant difference in the median survival time (31 vs 16 weeks, p=0.037) and an improvement in the quality of life (60% vs 23%) in 28 cirrhotic patients with HCC using the octreoscan for detection of SSTR. Only patients with intense uptake in the liver on octreoscan were treated with long-acting octreotide. 23 The survival benefit seen in these two well-designed trials provides the impetus to study pasireotide, whose binding affinity for SSTR-1, 3, and 5 is significantly higher compared to octreotide. There is evidence that multiple SSTR subtypes are expressed in hepatomas, 31 and the higher affinity of pasireotide to these subtypes may confer a therapeutic advantage.
In this pretreated patient population with advanced, unresectable HCC, pasireotide given as second-line or third-line therapy showed modest benefit in disease control and OS. This is the first in-human study to evaluate singleagent pasireotide in HCC. Recently, a phase II trial of the combination of everolimus and pasireotide in HCC was reported. 32 This study was terminated following results that showed no benefit with everolimus in HCC. 33 This prompted an unplanned interim analysis that found the conditional probability of rejecting the null hypothesis based on events in the 24 patients treated was 0.08. The results of the combination of everolimus and pasireotide showed a median TTP of 3.5 months and median survival of 6.7 months. The best response was stable disease in 10 patients. Adverse events of the combination therapy were grade 3 hyperglycemia in 6 patients (25%). There were no grade 4 toxicity events. The TTP in our study was similar (3 months), while the superior median OS of 9 months in our study may reflect patient selection, post pasireotide therapy, etc.
Although the results in our trial showed very modest disease control in advanced, unresectable HCC as a second-or third-line treatment, future trials may select patients most likely to benefit, such as using pretreatment octreotide image scanning and testing available tumor samples for SSTR expression. Unfortunately, due to costs of octreotide scanning and insurance issues, we were not able to select out the best patients to benefit from this therapy. Baseline serum IGF-1 levels and decreasing IGF-1 after treatment may have value in assessing tumor control or possibly predict better clinical outcome. Further studies will be needed to confirm its utility in this setting.
More recently, immunotherapy has shown promise in HCC. 34, 35 Checkpoint inhibitors such as tremelimumab and nivolumab have shown activity in patients with advanced HCC. 36, 37 Both octreotide and pasireotide have antiproliferative effect on human lymphocytes 38 and may alleviate the diarrhea from checkpoint inhibitor treatment. Whether somatostatin analogs would enhance or inhibit immune effects of these drugs is not known and will need further study.
Conclusion
Pasireotide as single agent has limited and very modest clinical benefit as second-line or third-line therapy for HCC. Recent and ongoing trials with FGFR inhibitor or MET inhibitor 39 have shown promise in HCC. Combining with other targeted agents such as FGFR inhibitor, MET, or MEK inhibitor 40 is possible due to its low toxicity profile of pasireotide.
